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STUDIES ON THE CHEMOTHERAPY OF THE 

EXPERIMENTAL TYPHOID CARRIER 

CONDITION 

T. D. Beckwith 

From the Department of Bacteriology and Experimental Pathology, University of California 

Typhoid fever has long been recognized as a disease which tends to 
produce the carrier condition. The carrier state may then persist for an 
unknown time which may be lengthy as noted by Gregg, 1 who claimed 
that in one case it has extended through fifty-two years, or it may be 
much shorter, clearing up within a few months. The percentage of 
carriers following cases of the disease seems to vary since Stokes and 
Clark 2 reported 1.85% in the course of a survey of 810 persons, while 
Semple and Greig 3 detected 11.6% after 86 individual examinations. 
It seems likely that the general mean ultimately will be found to lie 
between these two figures. The menace of such carriers to society 
becomes evident at once, and the impression becomes emphasized when 
we find that G. Mayer, 4 after careful work attendant on a survey of 
405 cases, came to the conclusion that 32.3% of the new cases observed 
sprang from infection derived from carriers. 

Typhoid is at first a generalized infection which later may become localized 
in one or more places in the body, and these remain for long periods foci of 
dissemination to the outside world. The principal one of these foci is the 
gallbladder. Here the disease is most resistant to attempts to clear it up. 
Many trials to sterilize this locus of infection have been made, and none has 
been admittedly successful. Chloroform has been advocated more or less 
enthusiastically by Conradi, 1 by Hailer and Rimpau," the same two authors 
together with Ungermann' and by Bully 8 but Perussia " obtained negative results 
when working with artificially infected guinea-pigs. Liefmann 10 advocated the 
use of milk. Hertz" injected milk intramuscularly with results deemed to be 
favorable. Cinnamon oil alone out of an extensive series gave promising 
indications according to Hailer and Wolf. 12 Attempts to use iodine have been 
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made by Tsuzuki and Ishida 15 and by Kalberlah." Indol was considered with 
favor by Rocek. 15 • Cummins, Fawcus and Kennedy ™ tried roentgen rays. The 
use of vaccines, while well established in prophylaxis, is not recognized as 
effective in treatment of the typhoid carrier although frequently used. Irwin 
and Houston " and Preti 18 have been the proponents, while "Nichols " has 
opposed their use. Nichols also has suggested alkaline therapy as possibly 
worthy of consideration, but it is significant that in a later publication, 20 he 
has ignored entirely any such method. Finally, surgical interference has been 
resorted to by Denier, 21 Leary, 22 by Nichols, Simmons and Stimmer 23 and by 
Henes. 24 Locle 25 reports the failure of cholecystectomy. 

The multiplicity of expedients resorted to for the treatment of typhoid 
carriers, together with the fact that no one of them has received anything like 
general recognition, indicates that no satisfactory procedure thus far has been 
discovered. Further consideration of the possibilities of chemotherapy, partic- 
ularly of dye therapy, seems desirable. The recent work of Gay and 
Morrison " on dye therapy in localized streptococcus infection would seem to 
offer little encouragement even in accessible and well localized infections. It 
must be admitted that success in reaching an infected gallbladder would seem 
even less likely than in the syndrome studied by these authors. 

The qualifications of any compound in order that it may be administered 
successfully for chemotherapeutic purposes have been admirably and succinctly 
summarized by Jacobs. 27 It must be comparatively nontoxic to the tissues of 
the host, although it must have a selective affinity for the protoplasm of the 
invading organism. In addition, if it is to be effective for treatment of a 
gallbladder infection, it must be excreted in part at least through the bile and 
also must retain its germicidal power in bile. 

It has long been recognized that many of the dye-stuffs, particularly those of 
the triphenylmethane and of the acridine series, are active in vitro against 
members of the colon-typhoid group. Certain of the stains, notably acridine 
compounds, are slow in velocity but ultimately highly efficient. Likewise, they 
have been demonstrated to show a considerable degree of specificity. 

The initial stimulus for interest in dye-stuffs as germicides appears to have 
come from Roszahegyi, 28 who learned that methylene blue, gentian violet, 
vesuvin, fuchsin and methyl violet are not only bactericidal but also that they 
are selective within marked limitations. Bechhold and Ehrlich 2 " confirmed 
Roszahegyi with regards to specific action, as likewise did Browning, Cohen and 

13 Deutsch. med. Wchnschr., 1910, 36, p. 1005. 
" Med. Kin., 1915, 11, p. 581. 
15 Centralbl. f. Bakteriol., I. O., 1915, 77, p. 100. 
" Jour. Roy. Army Med. Corps, 1910, 14, p. 351. 
« Lancet, 1909, 176, p. 311. 

18 Riforma med., 1917, 33, No. 41. 

19 Jour. Exper. Med., 1914, 20, p. 573. 
» Ibid., 1916, 24, p. 495. 

21 Munchen. med. Wchnschr., 1907, 54, p. 779 and 2134. 

22 Jour. Am. Med. Assn., 1913, 60, p. 1293. 

23 Ibd., 1919, 73, p. 680. 

24 Ibid., 1920, 75, p. 1771. 

25 Deutsch. med. Wchnschr., 1909, 35, p. 1429. 
2 ° Jour. Infect. Dis., 1921, 28, p. 1. 

27 Jour. Exper. Med., 1916, 23, p. 563. 

28 Centralbl. f. Bakteriol., 1887, 2, p. 418. 

29 Ztschr. f. phys. Chem., 1906, 47, p. 173. 



Chemotherapy of Typhoid Carriers 497 

Gulbransen. 30 The work of Churchman 31 with relation to the action of gentian 
violet on gram-positive organisms aroused much interest in the United States. 
Kligler 32 states that gram-positive organisms generally are more susceptible to 
dyes. Dye-stuffs may have a much higher coefficiency than phenol according to 
Kriegler, 33 and this is now a generally accepted fact. The toxicity of dyes is 
dependent on molecular structure and Kligler, 32 arrives at the conclusion that 
germicidal action is a function "M the benzene nucleus. Likewise, he believes 
that enlargement of the number of alkyl radjcles is attended by increase in 
toxicity. The close parallelism between degree of basicity and bactericidal 
power has been remarked also by Dreyer, Kriegler and Walker, 3 * by Browning 
and Gilmour, 33 by Simon and Wood, 3 " Graham-Smith, 3 ' Traube 38 and by 
Lewis. 39 Toxicity is augmented by the addition of side chains according to 
Browning and Gilmour, 33 Kligler 32 and Jacobs, Heidelberger and Amoss. 4 " 
Simon and Wood ** and Kligler 32 also state that if the side chain be ethyl rather 
than methyl, germicidal powers are increased to a still greater degree. The 
presence of a halogen in the molecule enhances its activity, according to 
Bechhold and Ehrlich,- 9 and this statement apparently is confirmed by Jacobs, 
Heidelberger and Amoss. 49 Lewis 39 and also Simon and Wood 3 " are authorities 
for the statement that the triphenylmethane series contains some of the most 
potent germicides. 

It is a fact generally accepted that the presence of serum is incompatible 
with the bactericidal action of dye-stuffs, as it is with nearly all other bacteri- 
cides. Bechhold and Ehrlich 29 encountered this difficulty. However, certain of 
the salts built up and tested by Jacobs, Heidelberger and Bull 41 did not show 
this drawback and Browning 42 and his co-workers are emphatic in their claims 
that flavine compounds show greatly improved effects with serum in contact. 
With these agree more conservatively Drummond and McKee 43 although Mor- 
gan," Mueller 43 and Graham- Smith 3 ' do not come to like conclusions. 

This survey of the possibilities of dye-stuffs indicates that it is 

conceivable that there may be anilin derivatives toxic to B. typhosus in 

vivo. In addition, since it is known that certain of them are excreted 

through the bile, it was felt that some of them might be found to sterilize 

infected gallbladders. 

The stains selected for preliminary trial listed according to their classes in 
Green 4 " together with the sources from which they were obtained were as 
follows : 

30 Jour. Path. & Bacteriol., 1919, 23, p. 124. 

» Jour. Exper. Med., 1912, 15, p. 221; 17, p. 373; Jour. Am. Med. Assn., 1918, 70, p. 
1047; 1919, 72, p. 1280; 1920, 73, p. 145. 
83 Tour. Exper. Med., 1918, 27, p. 463. 
*> Centralbl. f. Bakteriol., I. O., 1911, 59, p. 481. 

34 Jour. Path. & Bacteriol., 1911, 15, p. 133. 

35 Ibid., 1914, 18, p. 144. 

38 Am. Jour. Med. Sc., 1914, 147, pp. 247 and 524. 

37 Jour. Hyg., 1919, 18, p. 1. 

38 Biochem. Ztschr.. 1912, 43, p. 496. 

39 Bull. Johns Hopkins Hosp., 1917, 28, p. 120. 
™ Jrur. Exper. Med., 1916, 23, p. 569. 

« Ibid., p. 577. 

*- Proc. Roy. Soc, 1918, 90, p. 136; Brit. Med. Jour., 1917, 1, p. 73; also footnote 35. 

43 Lancet, 1917, 193, p. 640. 

" Lancet, 1918, 194, p. 256. 

« Jour. Path. & Bacterid., 1919, 22, p. 308. 

40 A Systematic Survey of the Organic Coloring Matters, 1914. 
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Triphenylmethane— Basic fuchsin, Grubler; crystal violet, Griibler; new fast 
green 3B, Soc. Chem. Ind. Basle ; sauregrun, M. L. B. ; malachite green, Grubler ; 
brilliant green, Grubler; erioglaucin A, Geigy; cyanin B, M. L. B.; setocyanin, 
Geigy; corallin (water soluble), Grubler; Spiller's purple, Grubler. 

Diphenylmethane. — Auramine (Pyoktannin aureum), Merck. 

Thiazine. — Methylene blue, Leitz. 

Disazo. — Oxamine violet, B. A. S. F. ; benzoazurin, Ber. Anil. Works ; trypan 
blue, Cassella; Congo red, Grubler. 

Azine. — Safranin, Harmer ; neutral red, Grubler. 

Xanthene. — Pyronine G, Eimer and Amend; rose bengal, Jager (Dusseldorf). 

Acridine. — Proflavine, Boots Pure Drug Co., Ltd.; acriflavine, Lane Hospital, 
S. F. 

All of these stains, with' the possible exception of Spiller's purple, 
are used in many laboratories. These dye-stuffs were made up in a 1 % 
solution in distilled water, and after a day they were streaked out on 
agar plates to determine their sterility. No difficulty with contaminating 
organisms was found. 

Any dye-stuff to be active against B. typhosus in the carrier must 
retain its germicidal powers when mixed with bile. Likewise, the stain 
must pass through the circulation with its ability to kill the micro- 
organisms little or not at all impaired. With these limitations in mind, 
it was decided to make preliminary tests in vitro to determine what 
activity, if any, might be expected from the dye materials mentioned 
in the foregoing when in serum and in bile. Such stains as are found 
with germicidal activity in bile and in serum in glass may then be 
tested further in infected animals, provided they are not too toxic. 

TECHNIC OF BACTERICIDAL TESTS 

Tests then were carried out with one dye simultaneously in (1) 
horse serum which had been inactivated at 56 C. for one hour to destroy 
bacteriolytic and agglutinating power, (2) ox bile sterilized while still 
warm from the animal by autoclaving for 20 minutes at 15 pounds 
pressure, (3) beef broth and (4) physiologic salt solution. Salt solution 
was used in order that there might be present the standard in the 
series which has most often been resorted to by other workers and 
therefore in order to afford opportunity for comparison. As the 
hydrogen-ion concentration of the physiologic salt rose from P H 7.2 to 
approximately 5.0 during sterilization, due in all probability to the 
absence of buffer and changes in silicic acid from glass and in carbon 
dioxid, it became necessary to adjust the reaction to Ph 7.2 after heating. 

Small agglutination tubes cleansed with acid cleaning mixture, care- 
fully rinsed with distilled water, plugged with cotton and sterilized in 
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the oven were the containers. In these, using sterilized pipets for 
measurement and transfer, the medium was placed to the amount of 
0.9 c c. Dilutions were made by adding to the first tube of each series 
0.1 c c of 1% aqueous solutions of the dye. In case of compounds only 
slightly soluble in cold water but easily so in hot, it is necessary to have 
the solution and the pipet well warmed. Following careful mixing by 
means of the pipet, 0.1 c c of this was added to the second tube. Such 
mixing and transfer was continued until the series of dilutions was 
1 : 1,000, 1 : 10,000, 1 : 100,000, and 1 : 1,000,000. The last tube of the 
line was left without stain in order that it might serve as a check. 
Inoculations were made generally by the addition of two loopfuls of a 
20-24 hour culture of B. typhosus to each tube and with the oese 2 mm. 
in diameter and of 0.4 mm. platinum wire. 

Because it is recognized that the amount of liquid which may be 
transferred by one loopful varies greatly, effort was made to insert the 
needle always to the same depth, at the same angle with the meniscus 
and with the tube tipped to the same degree. Temperatures were always 
close to 37 C. The strain of B. typhosus was that which is recorded as 
"No. 3" in the records of this department. It was isolated originally 
from a carrier and used in other experimental work (Gay and 

Claypole 47 )- 

To determine possible germicidal power of the stains in the liquid 
mediums used, streaks were made by means of the same loop on agar 
plates immediately after the experiment was set up and the tubes 
inoculated. This series again was streaked out after 1, 5 and 24 hours. 
All prepared tubes and plates were kept during the intervals in the 
incubator at 37 C. Petri dish results were observed after 24 hours' 
incubation in reverse position and the results tabulated. 

The results of these experiments are herewith presented. In order 
to save space the effects produced after 24 hours' exposure are the only 
ones given. Results are bactericidal rather than bacteriostatic. 

The following stains are ineffective at a dilution of 1 : 1,000 in any 
one of the 4 mediums used ; benzoazurin, congo red, corallin, cyanin B, 
erioglaucin A, neutral red, oxamine violet, saiiregriin, setocyanin and 
trypan blue. Additional results are given in table 1. 

It has been noted previously that in the case of a dye which is basic, 
toxicity is augmented with certain exceptions, by increase of OH in its 

« Arch. Int. Med., 1913, 12, p. 613. 
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structure. It is claimed by some investigators that many dye-stuffs are 
more potent in a medium with reaction in the alkaline range than in 
one at or near neutrality and still more so when the hydrogen-ion 
concentration is low in the scale. Thus Prowazek 48 states that the 
addition of sodium carbonate increases the activity of methylene blue 

TABLE 1 

Dilution of Dye Stuffs Necessary to Kill B. Typhosus in 24 Hours at 37 C. in 

Various Mediums 

Stain Bile 

Acriflavine 1,000,000 

Auramine 1,000 

Basic fuchsin < 1,000* 

Brilliant green 10,000 

Crystal violet <1,000 

Malachite green < 1,000 

Methylene blue <1,000 

New fast green, 3B '. 10,000 

Proflavine 10,000 

Pyronine G <1,000 

Rose bengal <1,000 

Safranin < 1,000 

Spiller's purple < 1,000 

* < signifies "less than." 

TABLE 2 

Effects of Chances in Ph on Bactericidal Action of Certain Stains on B. Typhosus 

in 24 Hours at 37° C Figures are Dilutions 

Stain Medium Ph Results 

Crystal violet .Bile 8.0 <1.000 

Crystal violet Bile 8.4 10,000 

Crystal violet Bile 8.8 100,000 

Crystal violet Bile 9.2 1,000,000 

Crystal violet Saline 4.8 1,000 

Crystal violet Saline 7.2 100,000 

Crystal violet Serum (inactivated) 8.0 1,000 

Crystal violet Serum (inactivated) 8.6 10,000 

Acriflavine Serum (inactivated) 8.0 100,000 

Acriflavine Serum (inactivated) 8.6 1,000.000 

Brilliant green Bile 7.9 <1,000 

Brilliant green Bile 8.7 <1,000 

Brilliant green Bile 9.2 1,000,000 

Basic fuchsin Bile 8.3 <1,000 

Basic fuchsin Bile 8.6 10,000 

Basic fuchsin Bile 9.1 100,000 

Acid fuchsin Bouillon 7.3 <1,000 

Acid fuchsin Bouillon 6.6 <1,000 

Acid fuchsin Bouillon 5.6 < 1,000 

Acid fuchsin Bouillon 4.9 10,000 



and Traube 38 finds that the same salt accentuates the toxicity of certain 
other stains, notably crystal violet. Graham-Smith 37 learned that the 
efficiency of homoflavine becomes greater by increase in alkalinity. 
Browning, Gulbransen and Kennaway 49 obtain some remarkable results 
in this direction with diamino-acridine methyl chloride, since they show 

48 Arch. f. Protistenk., 1910, 18, p. 221. 

49 Jour. Path. & Bacterid., 1919, 23, p. 106. 
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that the sterilizing effect of this compound is multiplied one hundred 
times by a change from P H 4.0 to P H 11.0. 

A few experiments in this direction were attempted, but since appli- 
cation of results to the problem at hand seemed overdifficult, they are 
fragmentary. Their outcome is presented in table 2. Each test was 
carefully controlled by a check tube with reaction altered according to 
the series which it accompanied, but with no dye added to it. In all 
cases the controls were positive at the expiration of the period. 

It is of interest to note that confirmation of the work of Browning 
and those associated with him regarding the exalted potency of acridine 
compounds in serum is found. Some dye-stuffs undergo an increase 
in toxicity toward typhoid with a rise in the Ph value and agreement 
in this detail is made to the statements of Traube, 38 Graham-Smith, 37 of 
Browning, Gulbransen and Kennaway 49 and others. One acid stain 
observed, acid fuchsin, shows the reverse of the above since it becomes 
increasingly toxic as hydrogen-ion concentration advances. 

PREPARATION OF EXPERIMENTAL CARRIERS AND PROOF OF THE 
CARRIER STATE 

Having ascertained by the survey just outlined which coloring 
matters are most toxic to B. typhosus in serum and in bile, the next 
step was to examine their potency in animals prepared as experimental 
carriers of this organism. The work of Gay and Claypole " and 
followed later by Stone 50 has resulted in providing a reliable technic 
for the production of such experimental animals. The outline of this 
method is as follows: 

The organism which is known as B. typhosus 3 in the records of 
this department was cultivated on 5 or 6% rabbit-blood agar slants. 
The tubes picked out with care were 18 mm. in diameter, and the 
surface of the slant was as long as possible without moistening the 
plugs. Heavy and widespread inoculation was made and the tube 
incubated for 20-24 hours at 37 C. The dose which was administered 
intravenously in the posterior ear vein was % of such a culture sus- 
pended in physiologic salt and made up to such dilution that the volume 
in each instance was 2 c c. Rabbits with weights between 1,500 and 
2,000 gm. were selected. Animals thus treated lose a large fraction of 
weight which may amount even to 20% during the first 48 hours, and 
some of them die from the effects. Ordinarily, however, if the culture 

w Jour. Infect. Dis., 1919, 25, p. 284. 
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has not been transferred too often previously on blood agar, such loss 
will not be prohibitive. Subsequent treatment was not given until the 
rabbits had commenced again to gain in weight, as shown by daily 
readings on the scale. This interval is from 8 to 14 days. 

By the method here outlined, Gay and Claypole record 74% carriers 
and Stone approximately 94%. Although Nichols 19 succeeded at first 
in obtaining only 28%, he shortly afterward published results 20 which 
indicated that he must finally have succeeded in the majority of cases. 
Weinfurter 51 has shown that the percentage of positive animals varies 
with the strain utilized, which may account for failures. 

In this work it was felt to be necessary that there be controls since 
proof cannot be presented that certain animals which had received 
treatment and which at the time of necropsy were negative for typhoid 
in the gallbladder, previously had been carriers. Therefore necropsy 
examinations of all animals which died during preparation or which 
have been killed for various purposes have been made promptly, and 
cultures have been made from the bile. No animal was considered 
which had been injected less than one week before the necropsy exam- 
ination. This list includes 13 animals, all of which were proved to be 
typhoid carriers. Additional proof of the worth of the method under 
conditions obtaining at the time of the series thus is given. Such proof 
is of most vital importance for consideration of the latter portion of 
this work. 

Fecal examination as a method of determining that a rabbit is a 
carrier following this method of injection is worthless. 

But a small number of positive tests, 3 out of 23, were obtained by the use of 
plates of Harris and Teague's 52 eosin-methylene blue medium. Negative tests 
followed trials with the brilliant green-eosin agar of Teague and Clurman, 5 " 
the liquid brilliant green formula of Browning, Gilmour and Mackie," the 
technic of Browning, Mackie and Smith, 55 wherein potassium tellurate is added 
to brilliant green broth, and of Endo plates. Yet subsequent necropsy examina- 
tion proved the animals to be positive carriers. 

In spite of the fact that it is generally recognized that rabbits are most 
refractory to the use of cathartics, elaterin was tried. Tonney, Caldwell and 
Griffin 5 * have stated that this compound simplifies and renders more certain the 
procedure of detection of B. typhosus in human feces. Bearing their work in 
mind, therefore, ^th grain of elaterin was administered to a rabbit. Aside 
from causing the animal to be more decidedly dull for a few hours, there were 

B1 Centralbl. f. Bakteriol, I,- O., 1914, 75, p. 379. 

62 Jour. Infect. Dis., 1916, 18, p. 596. 

53 Ibid., p. 647. 

" Jour. Hyg., 1913-14, 13, p. 335. 

K Jour. Path. & Bacteriol., 1914-15, 19, p. 127. 

66 Jour. Infect. Dis., 1916, 18, p. 239. 
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no effects. It cannot be used for such animal, therefore. Thus, fecal examina- 
tion for the detection of B. typhosus in the leces of rabbit carriers by methods 
ordinarily in use yields most unsatisfactory results. Cathartics likewise are 
valueless. 

Some of the animals used in this series of experiments were subjected to 
laparotomy and a sample of the bile aspirated with a sterile syringe. The 
presence of B. typhosus was then determined. 

The persistence of the experimental carrier state in rabbits is well recognized. 
Doerr 5 ' found animals to be infected 120 days after inoculation and Johnston, 58 
110 days. 

Therefore the argument cannot be advanced with certainty that the 
condition of animals about to be considered had cleared up sponta- 
neously during the period between operation and subsequent treatment 
with dyes. 

TREATMENT OF EXPERIMENTAL CARRIERS WITH DYE STUFFS 

Five coloring matters, auramine (pyoktannin aureum), acriflavine, 
proflavine, pyronine G and new fast green 3B showed bactericidal 
action in bile and in serum. According to plan, these were administered 
intravenously to rabbits. Preliminary tests were made to determine 
their toleration by the animals. 

(a) Auramine was first utilized. This material, which was first 
described by Stilling, 59 has been advocated for external use. A saturated 
solution in physiologic salt, which is less than 0.5% when administered 
intravenously in the amount of 1 c c, was followed by great increase in 
the rate of respiration to 175 per minute. This persisted for one half 
hour. The compound, therefore, is too toxic for purposes of intra- 
venous injection. 

(b) Flavine compounds have attracted an immense amount of 
attention during the past six years because of their adaptation to war 
purposes for irrigation and dressing of wounds. Originally elaborated 
by Benda for experimental use with protozoan infections, they have 
been adopted widely for germicidal use. Their high coefficiency has 
been established by Browning 60 and his co-workers and by Morgan. 44 

In large measure they are unique in their compatibility toward serum, as 
found by Browning and those associated with him who claim that serum 
increases their toxicity toward various organisms over tenfold in comparison 
to their activity in peptone water. Mueller, 45 with live cultures of tissues, did not 
confirm this. Gay and Morrison 26 have demonstrated an increase of germicidal 

CT Centralbl. f. Bakteriol., I, O., 1905, 39, p. 624. 
58 Jour. Med. Res., 1912, 27, p. 177. 

56 Anilin Farbstoffe als Antiseptica und ihre Andwendung in die Praxis, 1890. 
80 Jour. Path. & Bacteriol., 1919, 22, p. 265; Jour. Hyg., 1919, 18, p. 33; Jour. Path. & 
Bacterid., 1919. 23. p. 106. 
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activity of acriflavine in the presence of pus. Browning and his co-authors have 
been responsible for urging the utility of this series of compounds for practice 
in wound treatment, although objections somewhat strenuous have been entered 
by Fleming 61 and more conservative negative criticism has been voiced by 
Hewlett" 2 and by Pearson.* 3 These combinations are shown to be tolerated 
comparatively readily by animals by Browning and Gulbransen M and by Taylor 
and Austin. 65 

Of the most pertinent interest also are the experiments which have been 
carried out regarding chemotherapeutic possibilities of acridine compounds. 
Although Browning 60 did not recommend flavine for action at a distance from 
its point of application, with Gulbransen 87 he found later that when injected 
into the animal it causes serum to become germicidal toward B. coli and 
Staphylococcus aureus, and these men suggest its possible application as a bile 
bactericide. Byam, Dimond, Sorapure and Wilson M made use of acriflavine 
intravenously in cases of trench fever with results which they thought to be 
beneficial, and Hussey 6 * states that acridine compounds with gold, silver or 
cadmium have marked inhibitory powers for streptococci, B. anthracis, gon- 
orrhea and polyarthritis. Neufelt and Schiemann *° used acriflavine and pro- 
flavine on mice, some injected with pneumococcus and others with chicken 
cholera and as a result believed that the onset of these diseases was delayed a 
number of hours. A portion of the dye possibly is excreted through the bile, 
although Davis and White " report that the urine after injection becomes 
germicidal toward certain micro-organisms. 

With these reported facts in mind, therefore, and with the results 
indicated in table 1 as an immediate basis, acriflavine and proflavine 
were experimented with as follows : 

Acriflavine.— Rabbit 671 had been shown previously to be a carrier of the 
typhoid bacillus through fecal examination. By intravenous injection, were 
administered 10 doses each of 2 cc of 1% acriflavine in sterile physiologic 
salt solution. Little reaction was evident other than slight irritation shortly 
following administration and a small amount of sloughing at the site of 
injection some days later. Doses were given generally 2 days apart. This 
animal was then killed by exsanguination and a necropsy examination made. 
Examination showed the intercostal muscles to be heavily stained with the dye. 
There was evidence of slight coccidiosis in the liver. The gallbladder contained 
1.5 c c of light green bile, which was clear except for a few fine floccules 
suspended within it. Although streaks were made on agar plates from the 
bile, blood, urine, liver, spleen and kidney, after proper incubation growth 
developed only from the bile. This was copious and agglutinated readily with 
antityphoid serum at 1 : 100. 

« Lancet, 1917, 193, p. 508. 

« 2 Lancet, 1917, 193, 727. 

63 Lancet, 1918, 194, p. 370. 

<" Proc. Roy. Soc, 1918, 90, p. 136; Jour. Hyg., 1919, 18, p. 33. 

65 Jour. Exper. Med., 1918, 27, p. 635. 

M Lancet, 1917, 193, p. 436. 

<" Proc. Roy. Soc, 1918, 90, p. 136; Jour. Path. & Bacteriol., 1919, 22, p. 265. 

88 Jour. Roy. Army Med. Corps, 1917, 29, p. 560. 

» Ztschr. f. Geburtsh., 1918, 80, No. 2. 

™ Deutsch. med. Wchnschr., 1919, 45, p. 844. 
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Thus it appears that acriflavine given intravenously is useless for 
clearing up rabbit carriers of typhoid. 

It was then determined to learn whether acriflavine is of any use for the 
purpose stated if administered subcutaneously. Rabbit 677, therefore, was given 
four 2 cc injections of 1% acriflavine in physiologic salt solution over the 
abdomen. This animal likewise had been proved by fecal examination to be a 
typhoid carrier. Following this series, the animal, which was in very poor 
condition, was exsanguinated and a necropsy examination was made. Exam- 
ination revealed dry necrosis in the areas of injection. Of the musculature, the 
intercostals especially were intensely colored by the dye. The gallbladder was 
greatly distended with 3 c c of a very light green bile containing much sediment. 
Again streaks were made on agar plates from the bile, blood, liver, spleen, 
kidney and urine. Twenty-four hour:.' incubation developed a heavy growth 
from the bile which by agglutination was proved to be B. typhosus. 

Thus it was indicated that acriflavine is worthless when given either 
intravenously or subcutaneously for the purpose of sterilizing infected 
gallbladders of experimental animal carriers of typhoid. 

Proflavine. — The animal, 675, had been proved to be a typhoid carrier. To 
it were given intravenously in the ear three Sec doses of proflavine made up to 
1% in physiologic salt solution. No reaction from this treatment either imme- 
diately or afterward was apparent. These injections were spaced to 2 or 3 
day intervals, and the rabbit was killed by exsanguination 2 days after the 
end of the series. Necropsy examination showed that the gallbladder contained 
1 c c of bile with normal appearance. Streaks made on agar plates from the 
bile, blood, liver, spleen and kidney were all negative for B typhosus after 24 
hours' incubation. The muscles were much less colored following the admin- 
istration of proflavine than they had been in the other animals after the use of 
acriflavine. As a period of nearly 2 months had elapsed between the time of 
preparation of the animal and proof that it was a carrier and the period of 
treatment, it was deemed wise to repeat this work with additional animals. 

Rabbit 657 was then treated with a series of injections like that previously 
administered to 675 except that the aggregate amount was 14 c c instead of 15 
c c, the first dose being only 4 c c. Two days after completion of the treatment, 
657 was exsanguinated and examined. There was no gallbladder. Streaks were 
made from the blood, liver, spleen and kidney and after incubation, an abundant 
growth of B. typhosus was obtained from the liver only. As this animal remained 
a carrier after proflavine, the series of tests was carried no further. It was 
felt that proflavine is ineffective for the purpose sought. 

(c) Pyronine G, while comparatively inactive in bile, was toxic to 
B. typhosus in serum at 1 : 1,000. It was deemed to be of sufficient 
importance to warrant a test in vivo. 

Rabbit 620 was given intravenously 5 cc of 1% pyronine G in physiologic 
salt solution in the ear vein with no unfavorable reaction following it. Two 
days later it received 2 c c of the same solution, and 48 hours afterward was 
exsanguinated. The gallbladder contained 1.6 c c of light green, clear bile. 
Cultures made from this bile and from the usual tissues were negative for B. 
typhosus. 
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Two more rabbits, 616 and 662, were each injected with 4 cc of 1% pyronine 
G in physiologic salt solution, while 636, which was in much poorer condition, 
received 3 c c. Contrary to experience with 620 mentioned in the preceding 
paragraph and also with another animal which had been used in preliminary 
tests to determine the relative tolerance of rabbits to pyronine G, each of these 
showed much excitement after the dose and in about one minute uttered shrill 
cries. These symptoms subsided in a few moments, but the day following all 
of the rabbits were very dull. Forty-eight hours after the injection 616 was 
paralyzed in the hind quarters, and 4 days later it was killed. The gallbladder 
was greatly enlarged, containing 3 c c of grayish and very turbid bile. From 
streaks made on agar plates from the bile, blood, liver, spleen and kidney, 
heavy growth of B. typhosus developed from the bile. 

The other animals were not killed at once, as it appeared that the 
results given in the foregoing were conclusive. Although one animal 
was shown to be negative for B. typhosus after treatment, it was barely 
possible that it was not infected by the original injection of B. typhosus. 
Subsequent necropsy examination of 662 following another experiment 
showed that it too was highly infected with the typhoid organism. 
When the bile from 616 was shaken out with chloroform, no pink tint 
of pyronine G appeared. It is therefore suggested that this dye is not 
excreted through the bile. A similar test with the urine gave a positive 
color to the chloroform. Pyronine G thus was shown to be useless as 
an agent for clearing up the condition of typhoid carrier rabbits. 

(d) The germicidal activity of new fast green 3B toward B. 
typhosus is 1 : 10,000 in bile and 1 : 1,000 in serum. This dye stuff 
belongs to the triphenylmethane group according to Green's classifica- 
tion. It is described as very soluble in hot water, but only sparingly 
so in cold. The presence of an electrolyte alters the condition of a 
solution of it markedly, since when the salt is present even in small 
amounts, the tendency is for a gel to be formed. On the other hand, 
in distilled water, the state is that of a sol. Evans and Schulemann 72 
indicate that a dye stuff which is colloidal is less diffusible when intro- 
duced into the body tissues, and that it is more toxic to the animal. 
Evidence of toxicity did appear in some of the animals. Judging by a 
series of observations on this subject, the dye when introduced into the 
circulation tends to form emboli which may lodge in the brain. Ordi- 
narily, however, when made up into a 0.5% solution in distilled water 
and injected somewhat slowly, a rabbit weighing 2,000 gm. can tolerate 
3 c c easily. It is interesting to note at this point that a rabbit injected 
with this coloring matter is likely to show for 4 or 5 minutes afterward 
the anaphylactoid symptoms which have been described in recent articles 

72 Science, 1914, 39, p. 443. 
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by Hanzlik and Karsner, 73 following introduction of certain colloids 
and arsenicals into the circulation. Repeated intravenous injection of 
new fast green 3B results also in increased fragility of the arteries, as 
became evident when the ordinary technic of bleeding from the carotid 
was practiced. The walls of the blood vessel tear very easily. In 
addition, its use intraperitoneally is followed by edema over the abdo- 
men, which is especially evident in the axillae. Likewise, adhesions 
result. 

New fast green 3B is secreted through the bile in large amounts in 
the guinea-pig and to a less degree in the rabbit. It is a simple matter 
to make up a series of color comparates by adding to bile in known 
quantities in tubes the dye-stuff in certain dilutions. If, then, these 
mixtures in bile are shaken out with a certain portion of chloroform, a 
small part of thymol added and the whole overlaid with a layer of 
paraffin oil, we obtain a series of color comparates which may be used 
for purposes of comparison with unknowns for some days if kept out 
of direct light when not needed. In one instance in the guinea-pig the 
concentration of the coloring matter within the bile 5 minutes after 
intrajugular injection was shown to be 1 : 6,000 by this method. The 
animal died suddenly 3 minutes after treatment. 

The Elimination of New Fast Green 3B Through the Bile in the Guinea-Pig 
Following Intraperitoneal Injection. — A guinea-pig, weighing 450 gm. received 
3 c c of 0.5% solution of new fast green 3B in distilled water. The animal 
became sick in 4 or 5 minutes and fell over on its side but recovered. Five 
hours later, it received 4 c c more of the dye solution. It became very weak. 
It was chloroformed and a necropsy examination was made one and three 
quarters hours afterward. The wall of the peritoneal cavity was stained heavily, 
as were all of the abdominal organs, but there was no stain elsewhere in the 
tissues. The bile when shaken out with chloroform indicated that the concen- 
tration of the stain was approximately 1 : 10,000. 

Elimination of new fast green 3B through the bile in the rabbit 
appears to take place in varying degree. One rabbit which had received 
an intravenous injection of 4 cc of a 0.5% solution was exsanguinated 
and necropsy examination performed 2 hours later. The bile showed 
the dye-stuff in a concentration of approximately 1 : 6,000. Two other 
rabbits proved to have a 1 : 10,000 dilution of the stain in the bile 
following a similar technic. When the stain is introduced intraperi- 
toneally into this animal, it is found in the bile in traces only as was 
proved by two attempts. Possibly a difference in the structure of the 

" Jour. Phar. & Exper. Therap., 1920, 14, p. 379. 
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lymphatic system in the guinea-pig and the rabbit may account for this 
variation in the rate of secretion of the stain. 

Bile to which new fast green 3B has been introduced in vivo is 
germicidal to B. typhosus. Three animals which died shortly after 
injection of this stain gave high concentrations of the dye in bile at the 
time of necropsy. Two of these were guinea-pigs, one of which gave 
an indicated dilution of 1 : 10,000. When a 2 mm. loop of a 24-hour 
broth culture of B. typhosus was added to these samples of bile and the 
mixtures then incubated, it was shown by streaking out on agar plates 
that the organisms were killed within 5 hours. In check rabbit bile, the 
micro-organism will live for months. 

The following protocols indicate the results produced by injection 
of new fast green 3B in an endeavor to clear up experimental rabbit 
carriers of typhoid. 

New Fast Green 3B in Experimental Rabbit Carriers. — No. 346 was given 
intravenously an aggregate dosage of 4.5 cc of 1% new fast green 3B in 
physiologic salt solution within a 7-day period. No unfavorable reactions 
resulted. Two days after the final injection, the animal was exsanguinated. 
Necropsy examination revealed the muscular tissues to be tinted slightly by 
the dye-stuff. The bile, 0.75 c c in amount, was light green and clear. Streaks 
were made on agar plates from the bile, blood, liver, spleen and kidney. After 
proper incubation, there was no growth. 

No. 660 received intravenously 5 cc of 1% new fast green 3B in total 
amount during 7 days. No unfavorable symptoms appeared. Five days after 
this series was complete, the rabbit was killed by bleeding to death. Examina- 
tion showed the gallbladder to be very small and to contain %e cc of bile which 
was clear, light green tinted with yellow. The walls of the gallbladder were 
somewhat thickened and roughened. Smears made on agar from the bile, blood, 
liver, spleen and kidneys were all negative for B. typhosus. The bile showed a 
P H of 8.4, which is much higher than that found in the normal rabbit by the 
author" in a previous communication, and which of itself may indicate that the 
animal recently had been a carrier. 

No. 662 was injected intravenously with an aggregate amount of 5 c c of this 
dye-stuff in 1% concentration in physiologic salt solution over a period of 
7 days. Again no symptom was unfavorable. It was exsanguinated 3 days 
after the final dose had been administered. Necropsy examination revealed a 
very small gallbladder containing 0.2 c c of light green and very clear bile. 
Its walls were decidedly thickened and roughened inside. Smears were made 
on agar plates from the bile, scrapings from the gallbladder wall, spleen, kidney, 
liver and blood. Growth rather sparse from the bile and heavy from the 
scrapings appeared and was later identified as B. typhosus. 

No. 307 received intravenously 7 cc of 1% new fast green 3B in physiologic 
salt solution during a period of 6 days with 2 days between injections. 
Twenty-four hours following the termination of this series it was bled to death 
from the carotid. Necropsy examination revealed no trace of the stain except 
in the bile which when shaken out with chloroform yielded a slight tint of the 

" Proc. Soc. Exp. Biol., 1920, 28, p. 36. 
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dye-stuff. The gallbladder contained 0.75 c c of light greenish yellow and 
somewhat turbid bile. Streaks were made from this sample of bile and after 
24 hours' incubation, there appeared a small amount of B. typhosus. The 
condition of this animal, therefore, at least was not cleared up entirely by 
treatment with new fast green 3B, although the intense reaction and the 
extreme emaciation which followed the original reaction would indicate a most 
thoroughly infected host. The weight of the animal increased markedly during 
treatment. 

No. 313 received in the ear vein 1.5 c c of 1% new fast green 3B in 
physiologic salt solution. Although no unfavorable reactions were manifest, 
this animal was found dead the following morning. Necropsy examination 
showed that the fascia and connective tissues were deeply impregnated with the 
stain. The walls of the blood vessels likewise were highly colored with it. 
The gallbladder walls were definitely tinted, and the bile likewise gave a 
positive reaction after shaking out with chloroform. The bile, which amounted 
to 0.2 cc, was turbid and reddish with all the gross appearance of that of a 
typical rabbit typhoid carrier. Streaks were made on agar plates from the 
bile, blood, liver and kidney, but after incubation all were negative for B. 
typhosus. 

No. 311 was injected intravenously with an aggregate amount" of 11 cc 
of new fast green 3B in physiologic salt solution. The period was 8 days and 2 
days elapsed between injections. The final dose was 4 c c, and this was followed 
by no discernible reaction. When exsanguinated 24 hours after the finish of 
the series, no trace of the stain was to be seen, and this time only a questionable 
trace of the dye-stuff could be determined by shaking out with chloroform. 
The 2 cc of bile was light green and clear. Streaks made from it on agar 
gave no sign of B. typhosus. 

Rabbit 337 was prepared as an experimental carrier of typhoid, and 13 days 
later was operated on for laparotomy, the purpose being to remove by 
aspiration a portion of the bile in order to prove absolutely the carrier condi- 
tion of the animal. This operation was performed without incident, and B. 
typhosus was found in quantity. After recovery, this rabbit received a total 
of 14 c c of a 0.5% solution of new fast green 3B in distilled water, extending 
over a period of 10 days. Aside from some signs of weakness following each 
injection, there were no untoward symptoms. On the third day after this 
series, the animal was exsanguinated. Necropsy examination showed that the 
wound at the site of operation had healed well. There were no adhesions. 
The gallbladder was of normal size and was filled with greenish bile. On 
aspiration with a syringe, it was found that the bile was decidedly mucous 
and therefore thick in consistency. Smear preparations made from it showed 
no organisms nor leukocytes present. A portion of the bile also was streaked 
out on agar plates, and tubes of beef bouillon were inoculated. All preparations 
were negative for B. typhosus after proper incubation. This animal heretofore 
had been sterilized of the typhoid between the time of operation and necropsy. 

No. 340, a large animal, weighing 3,500 gm., was given % slant on B. 
typhosus grown on blood agar. This was followed by a strong reaction and 
slow recovery. Twenty-four days later, while still greatly emaciated, it was 
injected intravenously with 1 cc of a 0.5% solution of new fast green 3B 
in distilled water. This solution had been centrifugalized just previously to 
remove possible particles from it. At 3 minutes and at 50 minutes after 
introduction of the stain, the rabbit fell over momentarily and showed spasmodic 
effects, but the following day seemed to have recovered. The following day it 
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received 0.75 c c of the same solution of the dye, and in 25 minutes expired 
quietly. At the necropsy examination, which was made immediately, the blood 
vessels in the liver were noted to be distinctly colored. The bile, which was in a 
gallbladder greatly enlarged, was light green, very turbid and somewhat mucous. 
The cloudiness was of unorganized material. A portion of this bile was. 
streaked out on agar plates and some added to bouillon. All preparations were 
positive for B. typhosus after incubation and agglutination. This animal, 
therefore, which was very large and which had received but an exceedingly 
small portion of the stain before its death, was not sterilized in the gallbladder. 

No. 319 was operated on 11 days after injection of B. typhosus and by 
aspiration of bile from the gallbladder was proved to be an experimental carrier 
through growth of the micro-organism and its subsequent agglutination with 
antityphoid serum. It received 9 c c of a 0.5% solution of new fast green 3B m 
physiologic salt solution in two doses and at 2-day intervals. Death took place 
suddenly 29 minutes after injection of a third portion of 5 cc of the same 
solution. This solution had been centrifugalized just before using in order to 
remove small particles possibly present in suspension. Necropsy examination 
revealed adhesions between the omentum and peritoneum. A slight tint of 
color in the cortex of the kidney was the only trace to be found in the body. 
The gallbladder contained 0.5 c c of grayish bile which, after planting in bouillon, 
yielded B. typhosus. With the typhoid likewise were many staphylococci. 
Evidently the coccus had produced a secondary infection. 

Rabbit 427 by operation 13 days after typhoid injection was proved to be a 
gallbladder carrier of the micro-organism. During a period of 10 days it 
received an aggregate of 12 c c of 0.5% new fast green 3B in distilled water. 
Twenty-four hours later it was bled to death. It was found at necropsy that 
the lower portion of the liver was adherent to the abdominal wall, with the 
gallbladder embedded in tissue. The bile was light green and with a little 
mucus in it. From streaks made from this bile on agar plates, growth of B. 
typhosus appeared. 

By experiments already described, it seemed evident that when 
administered intraperitoneally in the rabbit, new fast green 3B is not 
excreted readily through the bile. As it appeared to be a possibility that 
even though not present in the bile in a large amount it might have a 
sterilizing effect, it was decided to make an attempt to clear up a known 
carrier by intraperitoneal injection of the dye-stuff. The protocol 
follows : 

The Effect of New Fast Green 3B by Intraperitoneal Injection on a Known 
Carrier. — No. 628 was a known carrier having already been operated on to prove 
the fact. The animal received 7.5 c c of a 5% solution of the dye-stuff in 
distilled water, and 24 hours later the series, which had included 3 days, was 
bled to death. The gallbladder was enlarged and contained a light yellowish 
bile. This sewn into tubes of bouillon, developed B. typhosus. No trace of the 
stain was evident in the areas of injection, having diffused little. Edema was 
extensive over the abdomen and was especially evident in the axillae. This 
method of treatment, therefore, is ineffective for the purpose sought. 

As immediate checks for the series of treated rabbits just described, 
2 animals. 314 and 316. were used. Thev were utilized in connection 
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with Nos. 307, 311 and 313, at the same time and with a like preliminary 
dosage of B. typhosus. They were killed at the same time as 307 
and 311. At necropsy each was found to be /a positive carrier of the 
micro-organism. It should be noted that these animals were additional 
to the 13 previously mentioned. 

It is therefore evident that new fast green 3B sometimes kills the 
animal, apparently from embolus formation. If some method were 
elaborated whereby this tendency to flocculate in the blood stream might 
be obviated, this difficulty should be eliminated. Attempts to bring 
about this result with protective colloids were failures. New fast green 
3B placed in normal inactivated rabbit serum so as to make a concen- 
tration of the stain 1,4% and then left at room temperature for 24 hours 
precipitates partially. If this solution after such time be centrifugalized 
at high speed and the supernatant then injected into a normal guinea- 
pig of 700 gm., it appears that the toxicity of the mixture has been 
exalted. The animal dies suddenly. In this instance only 2 cc of this 
solution were injected by the intrajugular method. Death took place in 
3 minutes. Attempts to use 6% gelatine in distilled water and 7% 
gum acacia also in distilled water with new fast green 3B in concentra- 
tion of 0.5% in these gave comparable results with rabbits. Death 
occurred within from 3 to 5 minutes. The symptoms were 
anaphylactoid. 

In this series of animals, 10 rabbits were treated intravenously with 
new fast green 3B. When examined later, 5 were negative for B. 
typhosus in the bile. Of the 5 which were positive after treatment 
intravenously, one showed only a small number of micro-organisms, 
indicating that possibly it might have been in process of clearing up. 
Another one of those positive died before receiving more than a trace of 
the dye-stuff. Some of the animals had undergone laparotomy in order 
to prove them carriers. Carrier rabbits rarely clear up spontaneously. 
Two animals which had received no stain injections were used as imme- 
diate checks against the 6 of the series which had not been operated on 
in order to prove them positive carriers of B. typhosus, and these were 
in addition to the 100% (13) animals previously noted. 

SUMMARY 

The Bactericidal Action of Dye-Stuffs. — The two acridine com- 
pounds, acriflavine and proflavine, are more germicidal in the presence 
of serum than when it is lacking. This is nearly unique. 
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In most instances, bile depresses the activity of stains fully as much 
as serum. 

The germicidal effect of many stains is increased by lowering hydro- 
gen-ion concentration, while in the case of at least one stain, acid 
fuchsin, the reverse is true. 

Experimental Rabbit Carriers of Typhoid. — The percentage of 
experimental carriers of typhoid which may be produced successfully 
by the Gay-Claypole technic is very high with the condition of the 
culture as it was at the time of its use in this series. Of those animals 
which survived one week, 100% were carriers. 

Attempts to detect B. typhosus from the feces of experimental 
rabbit carriers of typhoid are wholly unsatisfactory. Either the organ- 
isms are not present, are attenuated or are dead by the time they have 
reached the rectum. Elaterin is useless as a cathartic to increase the 
percentage of positive findings. 

Chemother apeutic Results. — Auramine, acriflavine, proflavine and 
pyronine G, although active in vitro against B. typhosus, are ineffective 
as agents for sterilizing gallbladders, containing B. typhosus in the 
living body. The first is too toxic to the host. The others are excreted 
through the urine rather than through the bile. 

In certain instances new fast green 3B offers possibilities as a 
germicide in vivo for B. typhosus in gallbladders of experimental rabbit 
carriers. It retains its activity in serum and in bile. It is excreted 
through the bile when administered intravenously. Bile taken from 
animals treated with this dye and killed shortly after is germicidal to 
B. typhosus. This dye-stuff is not effective in clearing up the condition 
of all animals. It may be very toxic to the animal. It changes readily 
from the sol to the gel state, apparently dependent on the presence of an 
electrolyte. The result is the formation of emboli. Attempts to remove 
these objectionable features by use of other colloids have been failures. 
It is without germicidal effect on infected gallbladders of the rabbit if 
injected intraperitoneally. 



